Introduction
Similarity measures of FSs are an important research topic in the FS theory [2] , which has received much attention from researchers. For example, Xu [6] introduced the concepts of deviation degrees and similarity degrees between two linguistic values, and between two linguistic preference relations, respectively. Li and Cheng [7] generalized the Hamming distance and the Euclidean distance by adding a parameter and gave a similarity formula for IFSs only based on the membership degrees and non-membership degrees. Hung and Yang [8] and Grzegorzewski [9] suggested a lot of similarity measures for IFSs and interval-valued fuzzy sets based on the Hausdorff metric. Xu and Xia [10] proposed a variety of distance measures for hesitant fuzzy sets. They investigated the connections of the distance measures and further developed a number of hesitant ordered weighted distance measures.
Recently, Zhu and Xu [1] introduced the definition of dual hesitant fuzzy set. Dual hesitant fuzzy set can reflect the human's hesitance more objectively than the other classical extensions of fuzzy set ((intuitionistic fuzzy set [3] , hesitant fuzzy set [4, 5] , etc.)), thus it is very necessary to develop some theories about dual hesitant fuzzy sets. However, little has been done about this issue. The aforementioned measures, however, cannot be used to deal with the distance and similarity between DHFSs. Due to the fact that hesitancy is a very common problem in decision making as mentioned earlier, it is necessary to develop some measures for DHFSs. To do this, the remainder of the paper is organized as follows. Section 2 aims to presents the axioms for distance and the similarity measures. Finally, Section 3 gives the concluding remarks.
Cosine similarity measure for DHFSs Definition 1 [1] . Let X be a fixed set, then a dual hesitant fuzzy set (DHFS) D on X is described as: where
Definition 2 [6] . Let A and B be two DHFSs on 1 2 { , , } n X x x x =  , then the similarity measure between A and B is defined as ( , ), s A B which satisfy the following properties:
2) ( , ) 1 ;
3) ( , ) ( , ). 
In what follows, we give an example adapted from [17] to illustrate our distance measures for DHFSs.Example. Energy is an indispensable factor for the socio-economic development of societies. Thus the correct energy policy affects economic development and environment, and so, the most appropriate energy policy selection is very important. Suppose that there are five alternatives (energy projects) ( 
The DHFS is just a tool to deal with such cases, and all possible evaluations for an alternative under the attributes can be considered as a DHFS. The results evaluated by the decision makers are contained in a hesitant fuzzy decision matrix, shown in Table 1 . Suppose that the ideal alternative is
seen as a special DHFS, we can calculate the distance between each alternative and the ideal alternative using our distance measures. If we use the generalized dual hesitant weighted distance and the generalized dual hesitant Hausdorff distance to calculate the deviations between each alternative and the ideal alternative, then we get the rankings of these alternatives, which are listed in Tables 2-3 , respectively, when some values of the parameter are given. We find that the rankings are different as the parameter (which can be considered as the decision makers' risk attitude) changes, consequently, the proposed distance measures can provide the decision makers more choices as the different values of the parameter are given according to the decision makers' risk attitudes. 
Summary
In this paper, we have investigated the distance measures for DHFSs. Based on ideas of the well-known Hamming distance, we have developed a class of dual hesitant distance measures, and discussed their properties and relations as their parameters change. It should be pointed out that all of the above measures are based on the assumption that if the corresponding DHFEs in DHFSs do not have the same length, then the shorter one should be extended by adding the minimum value in it until both the DHFEs have the same length. In fact, we can extend the shorter DHFE by adding any value in it until it has the same length of the longer one according to the decision makers' preferences and actual situations.
